Hunting and mountain sheep: Do current harvest practices affect horn growth? by LaSharr, Tayler N. et al.
Evolutionary Applications. 2019;00:1–14.	 	 	 | 	1wileyonlinelibrary.com/journal/eva
 
Received:	24	January	2019  |  Revised:	4	July	2019  |  Accepted:	6	July	2019
DOI: 10.1111/eva.12841  
O R I G I N A L  A R T I C L E
Hunting and mountain sheep: Do current harvest practices 
affect horn growth?
Tayler N. LaSharr1  |   Ryan A. Long2 |   James R. Heffelfinger3 |   Vernon C. Bleich4 |   
Paul R. Krausman5 |   R. Terry Bowyer6 |   Justin M. Shannon7 |   Robert W. Klaver8 |    
Clay E. Brewer9 |   Mike Cox10 |   A. Andrew Holland11 |   Anne Hubbs12 |    










































implications	 for	 sustainable	 management	 of	 wildlife	 populations.	 The	 phenotypic	
consequences	of	selectively	removing	males	with	large	horns	or	antlers	from	ungulate	
populations	have	been	a	topic	of	heightened	concern	 in	recent	years.	Harvest	can	





1981	 to	2016.	 In	50%	of	 hunt	 areas,	 changes	 in	mean	horn	 size	during	 the	 study	
period	were	related	to	changes	in	age	structure	of	harvested	sheep.	Environmental	
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1  | INTRODUC TION
Understanding	the	ecological	and	evolutionary	responses	of	wild	
populations	 to	 anthropogenic	 change	 is	 important	 for	 the	man‐
agement	 and	 conservation	 of	 wildlife.	 Human	 activities	 around	
the	globe	have	 led	to	 increased	global	 temperatures	 (Deutsch	et	
al.,	2008;	Parmesan,	Singer,	&	Harris,	1995),	fragmented	and	de‐
graded	habitats	 (Fahrig,	2003;	Ferraz	et	al.,	2007),	and	pollution	
(Butchart,	 2010;	Verhoeven,	Arheimer,	Yin,	&	Hefting,	 2006).	 In	
addition,	 several	 recent	 studies	 have	 suggested	 that	 harvest	 by	
humans	 can	 cause	 evolutionary	 changes	 in	 some	 populations	
(Allendorf	&	Hard,	2009).	Harvest‐induced	evolution	has	import‐
ant	 implications	 for	 management	 and	 persistence	 of	 many	 wild	
species	 across	 the	world	 (Allendorf,	 England,	 Luikart,	 Ritchie,	 &	
Ryman,	2008;	Kuparinen	&	Festa‐Bianchet,	2017);	yet,	potential	
evolutionary	 effects	 of	 harvest	 on	 wild	 populations	 rarely	 have	
been	 studied	 at	 temporal	 scales	 sufficient	 to	 detect	 evolution‐
ary	 change,	 especially	 for	 long‐lived	 species	 (Corlatti,	 Storch,	
Filli,	&	Anderwald,	2017;	Hundertmark,	Thelen,	&	Bowyer,	1998).	
Even	 at	 limited	 temporal	 and	 spatial	 scales,	 however,	 evolution‐
ary	 responses	 to	harvest	have	been	documented	 in	 several	 taxa	
(Allendorf	et	al.,	2008;	Coltman	et	al.,	2003;	Walsh,	Munch,	Chiba,	
&	Conover,	2006).	Populations	 that	 are	 subjected	 to	 sufficiently	
intensive	and	selective	harvest	may	exhibit	reduced	horn	or	ant‐
ler	size,	reduced	growth	rate,	early	sexual	maturation,	altered	be‐
haviors	 (e.g.,	 foraging,	 courtship,	 and	 migration	 behaviors),	 and	
changes	 to	 life‐history	 strategies	 over	 only	 a	 few	 generations	
(Allendorf	&	Hard,	2009;	Darimont,	Fox,	Bryan,	&	Reimchen,	2015;	
Devine,	Wright,	Pardoe,	Heino,	&	Fraser,	2012;	Hard	et	al.,	2008;	
Monteith	 et	 al.,	 2013;	Olsen,	Heupel,	 Simpfendorfer,	&	Moland,	
2012;	Walsh	et	al.,	2006).
The	threshold	of	harvest	necessary	to	produce	such	evolution‐
ary	 changes	 remains	 unclear	 for	most	 species.	One	 reason	 is	 that	
evolutionary	 changes	 resulting	 from	 harvest	 often	mimic	 changes	
caused	by	phenotypic	plasticity	in	response	to	variation	in	environ‐



























conditions	explained	directional	 changes	 in	horn	growth	 in	28%	of	hunt	areas,	7%	
of	which	did	not	exhibit	change	before	accounting	 for	effects	of	 the	environment.	
After	accounting	for	age	and	environment,	horn	size	of	mountain	sheep	was	stable	
or	 increasing	 in	 the	majority	 (~78%)	of	hunt	 areas.	Age‐specific	horn	 size	declined	
in	44%	of	hunt	areas	where	harvest	was	regulated	solely	by	morphological	criteria,	
which	supports	 the	notion	that	harvest	practices	that	are	simultaneously	selective	
and	 intensive	 might	 lead	 to	 changes	 in	 horn	 growth.	 Nevertheless,	 phenotypic	
consequences	are	not	a	 foregone	conclusion	 in	 the	 face	of	 selective	harvest;	over	
half	of	the	hunt	areas	with	highly	selective	and	intensive	harvest	did	not	exhibit	age‐
specific	 declines	 in	 horn	 size.	Our	 results	 demonstrate	 that	while	 harvest	 regimes	
are	 an	 important	 consideration,	 horn	 growth	 of	 harvested	 male	 mountain	 sheep	
has	remained	largely	stable,	indicating	that	changes	in	horn	growth	patterns	are	an	
unlikely	consequence	of	harvest	across	most	of	North	America.
K E Y W O R D S
artificial	evolution,	bighorn	sheep,	harvest‐induced	evolution,	horns,	selective	harvest,	trophy	
hunting
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of	 fitness	 (Poissant,	 Wilson,	 Festa‐Bianchet,	 Hogg,	 &	 Coltman,	




et	 al.,	 2007).	 In	 addition	 to	 the	 biological	 significance	 of	 ungulate	
weaponry,	 there	 is	 substantial	 cultural	 and	 sociological	 interest	 in	
such	weaponry	among	humans.	Weapon	size	of	harvested	animals	is	
highly	valued	by	an	increasingly	“hornographic”	culture	wherein	the	












a	 theoretical	 context	 (Festa‐Bianchet	 2016;	Mysterud,	 2011),	 few	




males	with	 large	horn‐like	structures	results	 in	 “reverse	evolution”	
or	can	drive	species	toward	extinction	(Britt,	2009;	Gabbatiss,	2017;	
Huang,	2009;	Leahy,	2017).	Consequently,	there	has	been	increased	
concern	 among	 the	public	 about	 the	 general	 sustainability	 of	 har‐
vest	practices	across	the	world.	Indeed,	mountain	sheep	have	been	
the	focus	of	much	of	the	controversy	surrounding	the	evolutionary	
effects	of	harvest	 in	 terrestrial	 species	 (Boyce	&	Krausman,	2018)	
since	the	early	2000s.	Nevertheless,	a	variety	of	confounding	fac‐
tors	may	 reduce	 the	 effectiveness	 of	 selective	 harvest	 in	 produc‐
ing	 a	 detectable	 evolutionary	 change	 to	 horn	 size;	 these	 factors	
are	 related	 primarily	 to	 the	 heritability	 of	 selected	 traits,	 genetic	
contribution	of	females,	nutrition,	gene	flow,	and	gene	linkage	(see	
Heffelfinger	 (2018)	 for	 a	 review	 of	 these	 concerns).	 Further,	 in‐
tensive	modeling	efforts	have	 indicated	that	evolutionary	changes	
may	occur	so	slowly	that	it	could	take	tens	of	generations	before	a	

















Mountain	sheep	are	 ideal	 for	 testing	 the	effects	of	harvest	on	
weapon	 size	of	ungulates.	Harvest	of	mountain	 sheep	 throughout	
their	 range	 in	 the	United	 States	 and	 Canada	 is	 closely	monitored	
(Monteith	et	al.,	2018),	and	successful	hunters	are	required	to	have	
harvested	specimens	examined	by	the	management	agency	respon‐
sible	 for	 the	 area	 where	 the	 animal	 was	 taken.	 Consequently,	 an	
incredible	 amount	of	 information	on	phenotypic	 characteristics	of	
mountain	 sheep	 has	 been	 collected	 through	 time	 as	management	
agencies	 have	 recorded	 data	 on	 age	 and	 horn	 size	 of	 harvested	




changes	 in	 horn	 size	 have	 demonstrated	 that	 harvest	 can	 reduce	
the	 size	 of	weaponry	 through	 time	 (Coltman,	 2008;	 Pigeon	 et	 al.,	
2016).	 This	 evidence,	 however,	 largely	has	 stemmed	 from	a	 single	
population	(Ram	Mountain,	Alberta,	Canada)	with	unique	character‐
istics	and	a	harvest	regime	that	is	not	employed	in	other	jurisdictions	
across	most	of	mountain	 sheep	 range,	with	 the	notable	exception	
of	management	areas	in	most	of	Alberta,	Canada.	Ideally,	assessing	






We	 sought	 to	 evaluate	 how	 demographic	 changes,	 selective	
harvest,	and	environmental	characteristics	influenced	horn	size	and	
growth	of	Rocky	Mountain	bighorn	sheep	(Ovis canadensis canaden-
sis)	 and	 desert	 bighorn	 sheep	 (Ovis canadensis nelsoni	 and	 related	
subspecies)	that	were	harvested	across	9	U.S.	states	and	1	Canadian	
province	 between	 1981	 and	 2016.	 Through	 a	 hypothesis‐driven,	
weight‐of‐evidence	 approach,	we	 indirectly	 tested	 for	 the	 effects	
of	 selective	 harvest	 on	 horn	 growth	 by	 first	 accounting	 for	 other	
factors	that	influence	size	and	growth	of	horns	(e.g.,	age	and	the	en‐
vironment),	and	then	assessing	the	influence	of	harvest	intensity	and	
selectivity	 on	 unexplained	 variation	 in	 horn	 growth	 through	 time.	
We	tested	three	hypotheses	associated	with	the	effects	of	harvest	




1.1 | Demographic shift hypothesis (H1)
We	assessed	the	hypothesis	 that	changes	 in	 the	age	structure	of	a	
population	through	time	would	result	in	temporal	changes	in	the	mean	
horn	size	of	individuals	harvested	from	that	population.	Horn	size	is	
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dependent	 on	 age	 (Bunnell,	 1978;	 Geist,	 1966),	 and	 we	 predicted	













1.2 | Environmental effects hypothesis (H2)
We	assessed	the	hypothesis	that	environmental	conditions,	namely	
indices	 of	 climate	 and	 forage	 availability,	 would	 influence	 horn	
growth	 through	 time	 (Figure	 1).	We	 predicted	 that	 harsh	 climatic	
conditions,	 poor	 forage	 availability,	 or	 both,	would	 cause	 declines	
in	age‐specific	horn	size,	whereas	mild	climatic	conditions,	favorable	
forage	 conditions,	 or	 both,	 would	 increase	 age‐specific	 horn	 size	
(Geist,	1971).	We	analyzed	the	effects	of	environmental	conditions	





sheep	 take	 several	 years	 to	 reach	 adult	 body	 size,	 environmental	
conditions	 during	 that	 developmental	 period	 may	 influence	 the	
trade‐off	 between	 allocation	 of	 resources	 to	 somatic	 tissue	 and	
growth	 of	 horns	 (Festa‐Bianchet,	 Coltman,	 Turelli,	 &	 Jorgenson,	
2004;	Geist,	1966;	Robinson,	Pilkington,	Clutton‐Brock,	Pemberton,	
&	Kruuk,	2006).	Finally,	horns	of	mountain	sheep	grow	continually	
throughout	 life	 and	 environmental	 conditions	 throughout	 an	
individual's	life	can	have	important	influences	on	ultimate	horn	size	
(Monteith	et	al.,	2013).
1.3 | Selective harvest hypothesis (H3)
Finally,	we	evaluated	the	hypothesis	that	selective	harvest	of	males	
with	 large	 and	 fast‐growing	horns	would	 result	 in	 an	evolutionary	
change	 in	 horn	 size	 through	 time	 by	 favoring	 the	 survival	 and	
potential	reproductive	advantage	incurred	by	males	with	small	and	
slow‐growing	horns.	Sufficient	removal	of	males	with	large	and	fast‐
growing	 horns	 will	 favor	 the	 persistence	 of	 males	 with	 small	 and	
slow‐growing	horns,	which	 could	 result	 in	 an	 evolutionary	 change	
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through	 time	 (Pigeon	 et	 al.,	 2016).	 After	 accounting	 for	 age	 and	
environmental	conditions,	we	predicted	that	harvest	pressure	that	
was	 sufficiently	 intense	 and	 selective	would	 produce	 age‐specific	
declines	in	horn	size	through	time.
2  | MATERIAL S AND METHODS
We	evaluated	the	effects	of	harvest,	climate,	and	forage	availability	
on	 horn	 size	 of	mountain	 sheep	 using	 harvest	 records	 collected	
by	state	and	provincial	agencies	from	1981	to	2016.	We	obtained	
harvest	 records	 for	 two	 subspecies	 of	 mountain	 sheep	 (Rocky	
Mountain	 bighorn	 sheep	 and	 desert	 bighorn	 sheep)	 from	 nine	
states	 in	 the	United	 States	 and	 one	Canadian	 province.	Wildlife	
managers	and	biologists	throughout	the	range	of	mountain	sheep	
collected	data	on	age	and	size	of	horns	from	harvested	animals	for	
decades.	 State	 and	 provincial	 agencies	 typically	 require	 hunters	
to	have	all	harvested	mountain	sheep	examined	immediately	after	
harvest,	 and	 age	 and	 horn	 measurements	 are	 recorded	 at	 that	
time.	Those	measurements	represent	one	of	the	only	datasets	in	
North	America	for	which	age	of	 the	animal	and	a	metric	of	horn	
size	have	been	 collected	 simultaneously	 for	 any	ungulate	 across	
such	broad	spatial	and	temporal	scales.
We	used	two	different	metrics	of	horn	size	in	our	analyses	be‐









heavily	 (i.e.,	 tips	 of	 horns	 were	 broken	 or	 worn	 off).	We	 did	 not	
use	the	longest	horn	twice	for	the	full	score	because	agencies	that	
provided	us	with	full	scores	often	did	not	have	individual	measure‐




2.1 | Weather and plant phenology
To	 evaluate	 the	 effects	 of	 climate	 and	 forage	 on	 horn	 growth	
through	time,	we	extracted	spatially	explicit	data	on	precipitation,	
snow	 water	 equivalent,	 and	 minimum	 temperature	 from	 1981	 to	
2016	using	modeled	values	from	DAYMET	(1‐km2	resolution)	from	1	
October	to	31	May.	Snow	water	equivalent,	minimum	temperature,	
and	 precipitation	 during	 winter	 are	 indicative	 of	 winter	 severity	
(Dawe	&	Boutin,	2012)	and	thus	have	implications	for	the	nutritional	
condition	of	sheep	and	their	associated	ability	to	allocate	resources	











different	 AVHRR	 (Advanced	 Very	 High	 Resolution	 Radiometer)	
sensors	 and	 accounted	 for	 calibration	 loss,	 volcanic	 eruptions,	 ra‐
diometric	calibration,	atmospheric	correction	and	cloud	screening,	
and	 solar	 zenith	 angle	 correction	 (Tucker	 et	 al.,	 2005).	 The	NDVI	








Group).	 We	 used	 the	 extract	 function	 in	 the	 raster	 package	 of	
Program	R	(Hijmans,	2017)	to	calculate	the	spatial	mean	of	NDVI	in	






















2.2 | Identifying changes in horn size through time
To	 evaluate	 the	 relative	 weight	 of	 support	 for	 our	 hypotheses,	
we	 assessed	 temporal	 trends	 in	 mean	 horn	 size,	 mean	 age,	 age‐
specific	 horn	 size,	 and	 age‐specific	 horn	 size	 after	 accounting	 for	





minimum	 sample	 sizes	 for	 a	 hunt	 area,	 we	 first	 aggregated	 hunt	
areas	 based	 on	 geographic	 locations	 within	 states	 and	 provinces	
until	 we	 reached	 the	 minimum	 sample	 size	 of	 harvested	 animals	
within	each	year.	The	aggregation	of	hunt	areas	resulted	in	a	sample	
size	 of	 72	 hunt	 areas.	Next,	we	 combined	 years	where	 necessary	
to	produce	the	temporal	bins	(hereafter	referred	to	simply	as	year)	






To	 identify	 temporal	 changes	 in	 mean	 horn	 size	 of	 harvested	
sheep	within	hunt	 areas,	we	used	weighted	 linear	 regression	with	
the	mean	year	of	data	contained	in	each	temporal	bin	as	the	predic‐
tor	 variable	 and	 sample	 size	 as	 the	weighting	 factor.	We	assessed	
statistical	 significance	 of	 changes	 in	mean	 horn	 size	 through	 time	





We	 modeled	 horn	 growth	 curves	 of	 cohorts	 born	 between	
1981	 and	 2004,	 and	 assessed	 age‐specific	 changes	 in	 horn	 size	
through	time	while	accounting	for	environmental	conditions	at	three	







2015).	 Rate	 and	 size	 of	 horn	 growth	 are	 dependent	 on	 age;	 thus,	
we	included	both	age	and	the	natural	log	of	age	as	fixed	effects	to	
account	for	the	nonlinear,	but	generally	asymptotic,	relationship	be‐
tween	horn	 size	 and	 age	 (Monteith	 et	 al.,	 2018).	Because	 each	of	
these	covariates	was	necessary	for	describing	horn	growth	curves	
for	 birth	 cohorts	 of	 harvested	 sheep,	 we	 did	 not	 perform	 formal	
model	 selection.	 We	 also	 included	 fixed	 effects	 for	 subspecies	






































in	 each	 temporal	 bin.	 For	 each	 hunt	 area,	we	 evaluated	 all	 possible	








tation	during	early	 life,	mean	 integrated	NDVI	during	 life,	and	mean	









statistical	 significance	of	age‐specific	 changes	 in	horn	 size	based	on	
whether	the	95%	CIs	for	the	year	effect	in	each	hunt	area	overlapped	
zero	(du	Prel	et	al.,	2009).
We	 developed	 a	metric	 of	 potential	 strength	 of	 harvest‐based	
selection	 against	 fast‐growing	 horns	 to	 assess	 whether	 harvest	
pressure	was	sufficient	to	produce	a	measurable	effect	on	the	mean	
age	at	which	a	cohort	was	harvested.	 Ideally,	 to	assess	 true	selec‐
tive	pressure	caused	by	harvest	we	would	need	to	assess	the	num‐
ber	of	males	eligible	 for	harvest	 in	a	population	 in	 relation	to	how	
many	males	were	actually	harvested,	in	addition	to	known	measure‐
ments	 of	 horn	 size	 of	 all	males	 in	 a	 population.	Those	 data,	 how‐
ever,	were	unavailable,	so	we	developed	a	metric	of	selectivity	based	
on	the	premise	that	under	selective	and	 intensive	harvest,	cohorts	
that	 produced	 larger,	 faster‐growing	males	would	 be	 harvested	 at	
younger	 ages	 relative	 to	 cohorts	 that	produced	 smaller	males.	We	




Finally,	we	 categorized	potential	 selective	pressure	 imposed	
by	 harvest	 practices	 in	 each	 hunt	 area	 as	 weak,	 moderate,	 or	
strong	based	on	morphometric	size	requirements	for	harvest	and	
quotas	 for	 the	 majority	 of	 hunts	 that	 occurred	 between	 1981	
and	2016	 (Mysterud,	2011).	Harvest	of	mountain	sheep	primar‐
ily	has	been	regulated	 in	one	or	both	of	 two	ways	across	North	




and	 some	 minimum	 size	 requirement	 for	 harvest.	 We	 charac‐
terized	hunt	areas	with	no	morphometric	size	requirements	and	








in	 harvest	 data	 (Pelletier,	 Festa‐Bianchet,	&	 Jorgenson,	 2012),	we	
simulated	180	populations	of	mountain	sheep	that	were	subjected	
to	 varying	 degrees	 of	 harvest	 intensity	 (1%,	 5%,	 10%,	 and	 20%	
harvest	of	males)	 and	 selectivity	 (low,	medium,	and	high	 selection	
for	 horn	 size).	We	 assessed	 changes	 in	 horn	 growth	 of	 harvested	
animals	 from	 populations	 that	 had	 increasing	 (n	 =	 60),	 decreasing	




We	evaluated	 24,786	 records	 of	mountain	 sheep	 harvested	 in	 72	
hunt	 areas	 in	 nine	 states	 in	 the	 United	 States	 and	 one	 Canadian	
province	 between	 1981	 and	 2016.	 Mean	 horn	 size	 of	 harvested	
male	 sheep	 changed	during	 the	 study	period	 in	38.9%	 (n	 =	28)	 of	
hunt	 areas,	with	declines	 evident	 in	26.4%	 (n	 =	19)	 of	 hunt	 areas,	




Based	 on	 predicted,	 cohort‐specific	 curves	 of	 horn	 growth	 in	








size	 of	 7‐year‐old	males.	After	 accounting	 for	 age	 and	 environmen‐
tal	effects,	predicted	horn	size	of	7‐year‐old	males	did	not	change	in	
69.4%	(n	=	50)	of	hunt	areas,	decreased	in	22.2%	(n	=	16;	x̄	=	−0.19	cm/
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year	[−0.09	to	0.52]),	and	increased	in	8.3%	(n	=	6;	 x̄ = 0.23 cm/year 
[0.15–0.37])	of	hunt	areas	(Figures	3	and	4).
In	 5.6%	 (n	 =	 4)	 of	 hunt	 areas,	males	 from	 cohorts	with	 faster‐
growing	 horns	were	 harvested	 at	 a	 younger	 age	 than	males	 from	
slower‐growing	cohorts,	 and	 there	was	a	 concomitant	decrease	 in	
the	predicted	horn	size	of	7‐year‐old	males	through	time	in	50%	of	









We	 evaluated	 harvest	 data	 from	 180	 simulated	 populations	
of	 bighorn	 sheep.	 For	 hunt	 areas	 that	 had	 simulated	 increases	
(n	 =	 60)	 or	 decreases	 (n	 =	 60)	 in	 horn	 size	 over	 time,	 regardless	
of	harvest	 intensity	or	selectivity,	we	detected	corresponding	 in‐
creases	or	decreases	 in	horn	 size	of	7‐year‐old	males	 in	100%	of	










in	 terrestrial	 systems	 demonstrating	 potential	 evolutionary	




see	 Festa‐Bianchet,	 Pelletier,	 Jorgenson,	 Feder,	 &	 Hubbs,	 2014).	
We	analyzed	harvest	records	that	 included	horn	size	and	age	data	
for	 mountain	 sheep	 collected	 over	 35	 years	 and	 spanning	 much	
of	the	range	of	mountain	sheep	 in	North	America	to	elucidate	the	
relative	influence	of	demography,	harvest,	and	the	environment	on	
horn	 size	 and	 growth	 through	 time.	 In	 nearly	 70%	 of	 hunt	 areas,	
horn	 size	 of	 harvested	 males	 remained	 stable	 during	 the	 study	
period.	Where	 changes	 in	 horn	 size	 occurred,	 they	 typically	were	
explained	most	parsimoniously	by	changes	in	demography,	 lending	
















Trends Decreasing Increasing Stable Total
Mean	age 6 9 57 72
Mean	horn	size 19 8 45 72
Predicted	horn	size	of	7‐year‐old	males 18 6 48 72
Predicted	horn	size	of	7‐year‐old	males	with	environment 16 6 50 72
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support	 to	 the	 Demographic	 Shift	 Hypothesis.	 For	 horn	 growth,	
changes	 were	 related	 to	 environmental	 factors	 (e.g.,	 climate	 and	
forage	availability)	 in	some	instances,	 lending	some	support	to	the	
Environmental	 Effects	 Hypothesis.	 After	 accounting	 for	 age	 and	
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during	 gestation	 and	 lactation	 (Büntgen	 et	 al.,	 2014;	 Jorgenson,	





changes	 in	 3.7%	 (2	 of	 54	 hunt	 areas)	 of	 hunt	 areas	 that	 otherwise	
did	not	exhibit	temporal	change	in	age‐specific	horn	size	(Table	S1).	













thus	horn	growth)	 that	we	were	unable	 to	account	 for	because	of	
the	scale	of	our	analyses	and	the	availability	of	relevant	data,	among	
which	 are	 animal	 density,	 disease,	 and	 translocations.	 Population	
density	 has	 direct	 implications	 for	 nutrition	 (Bowyer	 et	 al.,	 2014;	
Monteith	et	 al.,	 2018)	 and	 can	have	 stronger	effects	on	horn	 size	
than	 underlying	 genetic	 change	 (Festa‐Bianchet,	 2017;	 Jorgenson	
et	 al.,	 1998;	 Kruuk	 et	 al.,	 2002;	 Pigeon	 et	 al.,	 2016).	 High	 densi‐
ties	 can	 result	 in	 increased	 competition	 for	 resources,	 decreased	






a	 long	 history	 of	 epizootic	 respiratory	 disease	 throughout	 North	
America,	beginning	as	early	as	the	turn	of	the	20th	century	(Grinnell,	





















size	 through	 the	 introduction	 of	 new	genetic	material.	 Prior	 trans‐
location	of	novel	 genetic	 stock	 is	 an	 important	 confounding	 factor	
when	attempting	 to	parse	 the	effects	of	harvest	on	horn	size;	yet,	








markedly	 in	 condition	 from	 the	average	 female	 in	 the	 translocated	
population	may	produce	a	son	that	reflects	conditions	where	she	was	
moved	 from;	 as	 a	 result,	 her	 son	may	have	either	 larger	or	 smaller	
horns	than	the	average	male	born	 into	the	translocated	population	
(Michel	 et	 al.,	 2016;	 Monteith	 et	 al.,	 2009).	 Nutritional	 condition,	
however,	is	a	product	of	the	environment	in	which	an	individual	re‐







adding	 “noise”	 to	 the	 relationship	 between	 forage	 conditions	 and	
horn	size	in	populations	containing	translocated	individuals.
Although	 our	 ability	 to	 address	 certain	 mechanisms	 explicitly	
was	 hampered	 by	 the	 scale	 of	 our	 analyses,	 addressing	 questions	
of	selective	harvest	at	such	a	broad	scale	yielded	a	robust	sample	













































Harvest‐induced	 evolution	 is	 often	 cited	 as	 the	 underlying	
force	 behind	 changes	 in	 phenotypic	 characteristics	 of	 popula‐
tions	(Allendorf	&	Hard,	2009;	Conover,	Munch,	&	Arnott,	2009;	
Darimont	 et	 al.,	 2009),	 and	 in	 extreme	 instances	 has	 been	 sug‐
gested	 to	 result	 in	 extinction	 of	 species	 (Knell	 &	Martínez‐Ruiz,	
2017).	 In	 the	United	 States	 and	Canada,	 hunting	 remains	 a	 fun‐
damental	 part	 of	 wildlife	 conservation	 and	 management	 (Geist,	
Mahoney,	 &	Organ,	 2001;	Heffelfinger,	 Geist,	 &	Wishart,	 2013;	
Leopold,	 1987),	 but	 the	 sustainability	 of	 harvest	 practices	 and	




of	 harvest	 is	 imperative	 to	 successful	 management	 and	 conser‐
vation	of	wildlife,	 as	 is	 the	 effective	 communication	of	 research	
on	the	consequences	of	harvest	to	managers,	biologists,	and	the	
public	(Crosmary,	Côté,	&,	Fritz,	2015;	Hurley	et	al.,	2015;	Simon,	
2016).	Unlike	what	has	been	promoted	 in	 the	popular	 literature,	
most	harvest	practices	for	mountain	sheep	that	are	implemented	





are	 consistent	with	 the	 potential	 for	 evolutionary	 changes	 from	
highly	 selective	 and	 liberal	 harvest,	 certain	management	 strate‐
gies	could	reduce	the	potential	for	selective	pressure	to	produce	
undesirable	changes	in	horn	growth	over	time.	In	mountain	sheep,	









for	 evolutionary	 changes	 (Pigeon	 et	 al.,	 2016).	 For	 example,	 re‐
moval	of	 size	 requirements	 for	harvest	 (Mysterud,	2011),	 reduc‐
ing	harvest	pressure	(Mysterud,	2011),	or	we	propose,	defining	a	
legal	male	 based	 on	 age	 instead	 of	 a	morphological	 criterion	 all	
would	 reduce	 selective	 pressure	 operating	 on	 heritable	 traits.	
Further	investigation	of	hunt	areas	in	which	we	detected	declines	
or	 increases	in	horn	growth	after	accounting	for	age	and	the	en‐
vironment	 likely	 will	 elucidate	 additional	 factors	 that	 result	 in	
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